Background: Cilantro, the leaf of the Coriandrum sativum plant, is an herb that is widely consumed globally and has purported health benefits ranging from antibacterial to anticancer activities. Some individuals report an extreme dislike for cilantro, and this may explain the different cilantro consumption habits between populations. However, the prevalence of cilantro dislike has not previously been reported in any population. The objective of this study was to determine the prevalence of cilantro dislike among different ethnocultural groups from a population of young adults living in Canada. Subjects (n = 1,639) between the ages of 20 and 29 years were participants of the Toronto Nutrigenomics and Health Study. Individuals rated their preference for cilantro on a 9-point scale from 'dislike extremely' to 'like extremely'. Subjects also had the option to select 'have not tried' or 'would not try'. Subjects who selected 1 to 4 were classified as disliking cilantro. Results: The prevalence of dislike ranged from 3 to 21%. The proportion of subjects classified as disliking cilantro was 21% for East Asians, 17% for Caucasians, 14% for those of African descent, 7% for South Asians, 4% for Hispanics, and 3% for Middle Eastern subjects. Conclusions: These findings show that the prevalence of cilantro dislike differs widely between various ethnocultural groups.
Background
Cilantro is one of the most polarizing and divisive food ingredients known. It has been well documented that those who like or dislike the herb provide extremely different descriptions of its flavor [1] [2] [3] . Individuals who like cilantro may describe it as fresh, fragrant or citrusy, whereas those who dislike cilantro report that it tastes like soap, mold, dirt or bugs, among other descriptors [2, 3] . Numerous websites and online communities have been created to voice pro-or anti-cilantro opinions. This segregation is not seen with many common foods, which is why cilantro is of great interest to sensory scientists [1] [2] [3] . Most flavors do exhibit some degree of polarity, though it is rarely as extreme as that observed with cilantro. It has been documented that hereditary factors, along with exposure, shape our food preferences [4] [5] [6] . With the rising concern of global obesity, it is prudent to determine the factors that determine acceptance of healthy foods [7] .
Numerous factors influence food preferences, such as socio-cultural factors and genetics. Familiarity with certain foods also influences preference, and can affect the likelihood of trying new foods. Flavor, however, is one of the most important factors influencing food selection [8] [9] [10] . Perception of bitter, sweet, salty, sour and umami taste is mediated by clusters of taste receptor cells on the tongue, palate, larynx, oropharynx, epiglottis and esophagus. These receptors are scattered across the epithelial surface, and are interspersed with one another. Contrary to what was previously believed, there does not exist a clear map of taste regions across the tongue [11] . The current understanding is that signals are transduced to numerous gustatory areas of the brain by the binding of tastants to specific taste receptors [12] . The cholinergic system is thought to primarily mediate gustatory signal transduction; however, glutamate signaling has also been shown to be involved in establishment of conditioned taste aversions [13] . The amygdala and insular cortex are two areas that have been identified as being involved in consolidation and storage of gustatory memories, though research into the full extent of regions involved in this signaling is ongoing [14, 15] . Formation of long-term memory involves new protein synthesis, whereas more rapid formation of short-term memory has been shown to be protein-independent. Formation of human taste memories is thus thought to involve novel protein synthesis; however, the time parameters of these processes are yet to be determined [16] . These memories are retrieved for comparison when a food is consumed, thus biological familiarity plays a role in taste preference. Similarly, olfaction is mediated by olfactory receptor neurons, which utilize a G-protein mechanism to transmit information about an odorant through the olfactory bulb to the olfactory cortex [17] . Odorant recognition helps the gustatory regions of the brain to identify the stimulus present in the oral cavity [12] . Perception of texture and consistency of foods is not mediated by one specific pathway, but could influence flavor intensity, likely by influencing the perception of tastants [18] .
It is currently unknown whether strong reactions to the flavor of cilantro are a result of odorants or tastants. Whereas some research has investigated odorants [19] , taste mechanisms have yet to be examined, although anecdotal evidence indicates that those who find cilantro offensive dislike the taste as well as the smell. Gas chromatography-olfactometry and CharmAnalysis have been used to identify the character-impact odorants in the oil of cilantro leaves [19] . Thirty-eight odor-active peaks were isolated from a sample of cilantro oil. Of those, the two trained panelists qualitatively described 33 eluted compounds in the same way, but two co-eluting odorant clusters were described differently by the two participants in the study [19] . Although only two individuals were involved in that study, the findings show that the odor profile is complex and perceived differently between individuals. Genetic factors are known to influence perception of certain odors and tastes [20] , and twin studies have suggested strong heritability for cilantro preference [1, 3] . However, no genetic factors associated with cilantro preference have yet been identified.
Anecdotally, the polarizing nature of cilantro has been well documented [1, 3] ; however, the prevalence of cilantro dislike remains unknown. This observational study aimed to determine the prevalence of cilantro dislike in different ethnocultural groups from a population of young adults. Table 1 shows the characteristics of the 1,381 subjects (419 male and 962 female) for which complete data were collected on all variables of interest. A total of 43% of females were Caucasian, which was significantly higher than the 40% of males who were Caucasian (P <0.0001). A total of 41% of females were East Asian, which was significantly higher than the 35% of males who were East Asian (P <0.0001). Fifteen percent of males were South Asian compared to 11% of females who were South Asian (P = 0.002). No other ethnocultural groups had significantly different proportions of men and women.
Results
Distribution of cilantro preference ratings in the population is shown in Table 2 . The proportions of dislikers were not significantly different between men and women (P = 0.15), with 14% of females and 10% of males being dislikers. No significant differences in the proportions of dislikers were observed between men and women in any ethnocultural group. However, the overall response distributions differed significantly between men and women when examining either the Caucasian or East Asian groups individually (P = 0.02, P = 0.01). This was not the case with any other group, or in the population as a whole. The response distributions differed significantly between the ethnocultural groups (P <0.0001) with the Middle Eastern, Hispanic, and South Asian groups having the lowest proportions of dislikers (3%, 4% and 7%, respectively). The Hispanic and South Asian groups both also had significantly higher proportions of likers than any other groups (92% and 75%, respectively; P <0.001). A high proportion of East Asians, Caucasians and individuals of African descent had never tried cilantro (27%, 16% and 31%, respectively); these groups also had the highest prevalence of dislikers. The proportion of individuals who would not try cilantro was highest among East Asians at 1.1%. Figure 1 shows the distribution of cilantro preference ratings on the 9-point scale for the three major ethnocultural groups: Caucasians, East Asians and South Asians. This histogram shows the specific breakdowns (the numeric responses selected) of liker, neutral and disliker categories. Table 3 shows the distribution of leaf lettuce preferences among the ethnocultural groups. This demonstrates a typical preference distribution for a food that is considered non-polarizing. The most frequently selected preference response for this food was 7 (like moderately) within each (2) African descent 11 (3) 21 (2) a Values are mean ± standard deviation (SD) for continuous variables, and number (%) for categorical variables.
ethnocultural group. The prevalence of dislikers ranged from 0 to 6%. A significantly lower proportion of individuals within each ethnocultural group reported disliking leaf lettuce as compared to cilantro (Caucasian: P <0.0001, East Asian: P <0.0001, South Asian: P = 0.02).
Discussion
Despite the well-recognized extreme differences in cilantro preference between individuals [1] , no study has previously reported the prevalence of this trait in any population. In the present study, we examined the prevalence of cilantro dislike in different ethnocultural groups from a convenience sample of young Canadian adults recruited from the University of Toronto campus. We observed a difference in the distribution of preferences between the different ethnocultural groups as well as between men and women among certain ethnocultural groups, which may be attributed to both biological and social factors. The Middle Eastern, Hispanic and South Asian groups had the lowest proportions of cilantro dislikers. This may be due to frequency of exposure, as cilantro is most popular in these styles of cuisine [21] , and culture does modify food-related behaviors [22] . The lower prevalence of cilantro dislike among these groups could also be due to genetic differences influencing cilantro flavor perception. East Asians and Caucasians had the highest prevalence of cilantro dislikers. One limitation of our study was that the East Asian group included individuals of Thai, Korean, Japanese, Vietnamese and Chinese descent. Cilantro may be more widely used in certain East Asian cuisines, such as Thai and Vietnamese [23] , and less so in others, which may have influenced our estimated proportions of East Asians who dislike or have never tried cilantro (21% and 27%, respectively). Furthermore, the Caucasian group also consisted of individuals from a wide variety of European countries. Dietary patterns vary greatly between the different regions of Europe and it was not possible to distinguish whether regional differences may have influenced cilantro preference responses in our large, heterogeneous Caucasian group. It should also be noted that the numbers of subjects within some of the ethnocultural groups was much smaller than for Caucasians and East Asians. Nonetheless, differences were observed between ethnicities. It has been suggested that genetic factors may be responsible for differential perception of the flavor of cilantro [1] . Genetic heterogeneity between ethnocultural groups may thus contribute to the different preference distributions. Table 3 shows the preference distribution of leaf lettuce, an example of a common food that is considered to be non-polarizing. Among each ethnocultural group, the response distribution curves were normal, with peaks at 7 (like moderately). Similar findings would be expected when examining most common foods. While leaf lettuce likers and dislikers seem to exist, reactions are not extreme. This underscores the unusual, divisive nature of cilantro.
Because qualitative descriptions of the flavor of cilantro differ considerably between those who like and dislike it, differences in perception of the flavor are likely driving the observed differences in preference. Whether this is due to differential perception of an odorant or tastant, or both, is currently unknown [1, 3] . It may be that individuals who (18) 85 (17) 96 (16) 
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South Asian (n = 165) 119 (75) 27 (17) 11 (7) 8 (5) 0 Middle Eastern (n = 36) 8 (69) 20 (28) 1 (3) 7 (19) 0 Hispanic (n = 27) 24 (92) 1 (4) 1 (4) 1 (4) 0 African descent (n = 32) 13 (59) 6 (27) 3 (14) 10 ( dislike cilantro are anosmic to one or more of the pleasant smelling compounds found in cilantro. Alternatively, those who like cilantro may be anosmic to an unpleasant smelling compound -perhaps an aldehyde that, alone, smells of soap [3] . E-(2)-Decenal has been proposed as a candidate compound, as it is emitted by stink bugs and other insects in defensive secretions [24, 25] . It has been suggested that this may be one of the compounds in cilantro that individuals find unpleasant, although this has not yet been tested. Because of the complex chemical composition of the oil of cilantro leaves, there are many potential candidates. Considering there are approximately 350 olfactory receptor genes and another 300 or more olfactory receptor pseudogenes of unknown function [17, 26] , there are many potential candidates that could explain inter-individual differences in cilantro preference. The interaction between taste and olfaction is well-established [27] , but it remains unclear whether one is more influential than the other with respect to cilantro preference. Although differences in flavor perception, possibly attributable to genetic differences between ethnocultural groups, is likely responsible for the different distributions of cilantro preference seen, we cannot rule out the possibility of differences in exposure and use of cilantro in the traditional cuisines of different ethnocultural groups driving differences in preference. The relationship between flavor perception, familiarity and exposure, and preference is complex and cannot be further explored in the present study. Future studies will need to be conducted to determine the cause of the different preference distributions observed in this study.
It should be noted that the current study consists of a convenience sample of young adults recruited from the University of Toronto campus and results may not reflect older adults or the Canadian population in general. Further studies will be required to assess the prevalence of cilantro liking and disliking in the broader population and among other ethnocultural groups.
Conclusions
In summary, we report that cilantro dislike varies from 3% to 21% in this population of young adults depending on the ethnocultural group. The contribution of individual genetic differences to this trait remains to be determined.
Methods
Subjects Participants (n = 1,639; 1,117 women and 522 men) were enrolled in the Toronto Nutrigenomics and Health Study, which is a cross-sectional study investigating gene-diet interactions and biomarkers of chronic disease, as well as genetic determinants of eating behaviors. Subjects between 20 and 29 years of age were recruited from the University of Toronto campus. Subjects were excluded if they were pregnant or breastfeeding, due to metabolic and dietary changes that take place during this period. Subjects who could not communicate in English, or who did not provide a 12-hour fasting venous blood sample were also excluded. Smokers (n = 105) were excluded from the present analysis because of the known effects of smoking on taste and odor perception [17] . Subjects with any missing data were also excluded (n = 10). At the time of screening, subjects identified the ethnocultural group(s) they belong to. Subjects who listed more than one ethnicity (n = 143) or any group with fewer than 20 subjects were excluded from the current analyses, and the remaining individuals were classified into one of six groups (Caucasian, n = 581; East Asian, n = 540; South Asian, n = 165; Middle Eastern, n = 36; African descent, n = 32; and Hispanic, n = 27). After exclusions, the final sample population consisted of 1,381 subjects (962 women and 419 men). All subjects provided written informed consent, and the University of Toronto Research Ethics Board approved the study protocol.
Cilantro preference data collection
Subjects completed a 63-item food preference checklist, which included a range of common foods and beverages, as well as food garnishes and condiments. Participants gave each item a rating from 1 (dislike extremely) to 9 (like extremely). Alternatively, subjects had the option of selecting 'never tried' or 'would not try'.
Statistical analysis
All statistical analyses were conducted using Statistical Analysis Systems software (SAS version 9.2; SAS Institute, Cary, NC, USA). The frequency procedure was used to compare preference responses between ethnocultural groups, and χ 2 tests were used to examine differences between preference distributions. Dislikers were defined as those reporting 1, 2, 3 or 4 (dislike extremely, dislike very much, dislike moderately, dislike slightly) on the 9-point scale. Those selecting 5 (neither like nor dislike) were classified as neutral, and those selecting 6, 7, 8 or 9 (like slightly, like moderately, like very much, like extremely) were classified as likers. The mean and median ratings fell to the right of the arithmetic center of the scale (6.08 and 6, respectively), suggesting a slightly skewed distribution, which was confirmed using a Shapiro-Wilk test for normality. Those selecting 'never tried' were included in the analyses in order to examine the ethnocultural breakdown of this group. Those selecting 'would not try' were also included in the analyses since some of these individuals may dislike the odor so strongly that they would never consume cilantro. For comparison, leaf lettuce preference distributions were examined using the same methods. Leaf lettuce is a food commonly used as a garnish, but is not known to elicit the same polarizing responses as cilantro.
